This investigation carried out to determine combining ability and types of gene action for yield component traits and some fiber properties in cotton. The genetic materials in this investigation included six cotton varieties i.e. G.85 (P1) ; Kar. (P2) ; G.93 (P3); Pima S7 (P4) Aust.12 (P5) and G.86 (P6). All these varieties belong to the species Gossypium Barbadense L. and they were utilized in a trialed crosses mating design to produce 60 hybrids. In 2013 growing season all genotypes which included 60 genotypes were evaluated at the Agriculture experimental Station at Sakha using a RCBD with three replications. the following traits were estimated : boll weight, seed cotton yield per plant, lint cotton yield per plant, lint percentage, number of bolls per plant, seed index, fiber fineness, fiber strength, Upper half mean and uniformity ratio %.
INTRODUCTION
Triallel cross analysis provides additional information about the components of epistatic variance, viz., additive X additive, additive X dominance and dominance X dominance, besides additive and dominance components of genetic variance. This technique also gives information on the order in which parents would be crossed to obtain superior recombination (singh and narayanan. 2000). Triallel cross system assists and enables plant breeders to obtain estimates for general combining ability (G.C.A) and specific combining ability (S.C.A). These estimates could be translated into additive and non-additive genetic variance (dominance and epistatic genetic variances).
Two type of general combining ability effects are worked out through triallel crosses viz, general line effect of first kind (hi) and general line effect of second kind (gi). The first refers to the general combining ability effects of a line used as one of the grandparents. The latter one refers to the general combining ability effect of a line used as a parent, crossed to the single cross hybrid.
Triallel crosses included three kinds of specific combining ability effects. They are two line specific effect of first kind (d ij ) refers to specific combining ability effect of a line used as one of the grandparents i.e. parents involved in signal cross; two line specific effect of second kind (s ik ) which refers to the specific combining ability of line when crossed as a parent to the single cross; which the third kind is the three-line specific effect (t ijk ), which refers to specific combining ability effect of lines in three-way cross. These three kinds of specific combining ability effects were determined for all studied traits. Many investigations studied general and specific combining abilities among them, Hassan et al (2000) , Khongade et al (2000) , Abd EL-Maksoud et al (2003a-b) Ahmed et al (2003) , Murtaza et al (2004) , Abd EL-Hadi et al (2005 a-b),), Bhatti et al (2006) , Hemaid et al (2006) , Samreen (2007) , EL-Mansy and EL-Lawendy (2008) , and yehia et al (2009),) They revealed that the magnitude of additive genetic variance (σ 2 A) was positive and large than that of dominance genetic variance (σ 2 D) with respect to all studied yield components traits. In addition to, the results revealed that the three types of epistatic variance (σ 2 AA, σ 2 AD, σ 2 DD) were involved in the genetic expression of most studied traits with a few exception.
The main objectives of this study were to determined genetic parameters obtained from the performances of the three-way crosses such as, general and specific combining ability, heritability in both broad and narrow senses.
MATERIALS AND METHODS
Six cotton varieties belong to Gossypium barbadense L. representing a range for yield components and fiber properties were the genetic materials of this investigation. Three of these varieties were new germplasm materials which were : Kar. (P 2 ) Russian variety, Pima S 7 (P 4 ) an American cotton variety and Aust.12 (P 5 ) an Australian cotton variety. In addition, G.85 (P 1 ) and G. 86 (P 6 ) were long staple varieties. as well as G. 93 (P 5 ) which was extra long staple variety
In the growing season of 2011, the sex parents were planted and mated in a half diallel crosses to obtained 15 F 1 single crosses. The parental varieties were also self-pollinated to obtain enough seeds for further investigations.
In 2012 growing season, the six parents and their fifteen single crosses were planted and mated in three-way crosses to obtain 60 combinations. In the same time the six parents were planted and mated in half diallel crosses to obtained 15 F 1 hybrids again.
In the growing season of 2013, all genetic materials which included 60 three way crosses were evaluated in field trail experiments at Sakha Agriculture Research Station. The experimental design used was a randomized complete blocks design with three replications as outlined by Cochran and Cox (1957) . The significance between means was determined using the least significant differences value (L.S.D.), which was calculated as suggested by Steel and Torrie (1980) . Each plot was one row 4.0 m long and 60 cm wide. Hills were 40 cm apart and thinned to keep a constant stand of one plant per hill at seedling stage. Ordinary cultural practices were followed as usual for the cotton field.
The data were recorded on five plants from each plot on the following traits. A threeway crosses or triallel is a product of three parents for example : (P 1 x P 2 ) x P 3 . Thus the number of all possible threeway crosses would be (P (P-1) (P-2)) / 2 as outlined by Rawling and Cockerham (1962), Hinkelmann (1965) , Ponnuswamy (1972) and Ponnusway et al (1974) ., who had dealt with the theoretical aspect of triallel analysis.
A-yield and yield components traits :-
Triallel crosses analysis provides additional information about the components of episistatic variance viz. additive x additive, additive x dominance and dominance x dominance besides additive and dominance components of genetic variance. The technique also gives information about the order in which parents would be crossed to obtain superior recombination.
Analysis of triallel crosses data is carried out according to the procedure outlined by Singh and Chaudhary (1985) . where the form the analysis of variance are presented in Table (1). Considering Y ijkl as the measurement recorded on a triallel cross G (ij) k , the mathmetical model takes the following form: Y ijkl = m + b 1 + h i + h j + d ij + g k + s ik + s jk + t ijk + e ijkl Where:
Yijkl: Phenotypic value in the l th replication on ij th cross (grand parents) mated to k th parent. m: general mean bl: effects of l th replication hi: general line effect of i th parent as grand parent (first kind general line effect)
hj: general line effect of j th parent as grand parent (first kind general line effect) dij: two-line (i x j) specific effect of first kind (grand parents) gk: general line effect of K as parent (second kind effect) sik, sjk: two -line specific effect where i and j are half parents and K is the parent (specific effects of second kind) tijk: three-line specific effect eijkl: error effect
Estimation of the various effects: (i)h i :
General line effect of first kind (grand parent). This is the general combining ability effect of a line used as one of the grand parents and it would be obtained as follows :
(ii) g i : General line effect of the second kind. This refers to the general combining ability of a line used as parent which crossed to the single hybrid as follows :
Where: D = P 2 -5 P + 5 D 1 = P 3 -7 P 2 + 14 P -7 and D 2 = r (P-1) (P-3) (P-4). (v) T ijk : Three-line specific effect. Ponnuswamy et al. (1974) investigated that the variances and covariances components of general effects i.e.,  
Estimates of genetic variances:
The genetic variance components could be calculated from the previous variances using the following manner if the breeding coefficient assumed to be equal to one (F = 1).
Table1: Form of the analysis of variances of the triallel crosses and the expectation of mean squares
Where: C, P and r are number of crosses, parents and replications, respectively Heritability was computed in both broad (H 
RESULTS AND DISCUSSION
The results of three-way crosses analyses of variance and the mean square for yield, yield components and fiber traits were calculated and are presented in Table 2 .
The results indicated that the mean squares of crosses were highly significant indicating the presence of real genetic differences among them. The same results were noticed for all the studied traits. This finding suggested that the planned comparison between means and the determination of gene action for these studied traits are valid and would be made. The results also showed that the mean squares due to h were either significant or highly significant for most traits except for seed index and fiber strength. Similarly, the mean squares of g eliminating h indicated the significance for most traits. Therefore, this finding revealed the importance of additive (σ 2 A) as well as, additive by additive (σ 2 AA) epistasis variances in the genetic expression of yield components and fiber traits. Also, the mean squares due to s eliminating d were significant or highly significant for all traits except for fiber strength, UHM and uniformity ratio. In the same time, the mean squares due to d eliminating s were significant or highly significant for studied traits, while the mean squares due to t were highly significant for all traits except fiber strength and UHM. These results indicated the importance of dominance, dominance by dominance, as well as, additive by additive by dominance epistatic variance, for the inheritance of all traits. The results of this study in agreement were with the reported by Abd EL-Maksoud et al ( 
2-
The mean performance of the 60 three-way cresses were estimated for all traits and the results are presented in Table 3 . The means showed that no specific cross was superior for all traits. The cross (P1 x P2) x P6 showed high values for boll weight (B.W) and lint percentage (L%) with mean values of 3.89and 41.03%, respectively. On the other hand, the lowest values for the same traits obtained from the crosses (P3 x P4) x p2 and (P3 x P5) x P6 with mean values of 2.63 and 34.58%, respectively.
For seed cotton yield per plant (S.C.Y. /P), lint cotton yield per plant (L.C.Y./P) and number of bolls per plant (No. B. /P), the results cleared that the highest mean values obtained from the crosses (P1 x P6) x P5, (P2 x P3) x P6 and (P2 x P4) x P3 with mean performance values of 260.25, 102.41 and 81.99, respectively. But, the results indicated that the lowest values for the above three traits were obtained from the cross (P2 x P4) X P1 with the mean values of 92.17, 32.11 and 31.01, respectively. For seed index, the cross (P2 x P6) x P3 gave the highest mean values with values of 9.77 and the lowest mean performance recorded by the cross (P1 x P2) x P4 with mean value of 7.07.
For UHM and uniformity ratio (U.R%), the cross (P1 x P4) x P2 exhibited the highest mean performance values of 36.33 and 88.53%, respectively. On the other hand, the crosses (P5 xP6)xP1 and (P5xP6)xP2 recorded the lowest mean values for the two traits, giving mean values of 32.77 and 84.53%, respectively.
The cross (P5 xP6) x P2 gave the lowest mean value (desirable) for fiber finances (micronaire value) with the a value of 3.00, Also the cross (P3 xP6) xP5 gave the highest micronaire value (undesirable) with the mean 5.13. For fiber strength, the cross (P2 x P3) x P6 showed the mean of 11.13, while, the lowest value was obtained from the cross (P4 x P6) x P5 with the mean value of 9.90.
The estimates of general combining ability effects for the first kind (hi) for parental varieties were obtained for yield, yield components and fiber traits and the results are presented in Table 4 . Positive estimates which would indicate that a given variety is much better than the average of the group involved with it in the triallel crosses were obtained for all studied traits except fiber finances. Comparison of the general combining ability effect (hi) of individual parent showed that no single parent was the best combiner as a grandparent for all yield traits and fiber properties. The variety (P1) was the best combiner for boll weight (B.W) and fiber finenesses (micronaire value), the variety (P6) had the best positive and highly significant values for the seed cotton yield per plant(S.C.Y./P), lint cotton yield per plant (L.C.Y./P) and number of bolls per plant (No. B./P). The variety (P2) was good combiner for seed index (S.I.) and fiber strength (F.S). Furthermore, the results revealed that the variety (P3) was the best combiner for uniformity ratio (U.R.) which showed positive (desirable) and significant value. Moreover, the variety P3 was good combiner for upper half means (U.H.M). The estimates of general combining ability effect of the second kind (gi) of the parental varieties were obtained for all traits and the are presented in Table 5 . The results cleared that no variety was the superior and best combiner for all traits. The variety(P6) was the best combiner as the third parent and exhibited positive and highly significant (gi) values for boll weight (B.W), seed cotton yield per plant (S.C.Y./P), lint cotton yield per plant (L.C.Y./P), lint percentage (L%) and number of bolls per plant (No. B./P). The variety (P2) was good combiner for fiber finenesses (F.F.) uniformity ratio (U.R.). These findings suggested that these parental varieties would be utilized in a breeding program for improving those traits through the selection in the segregating generations. P1) G.85 , ( P2) Kar. , ( P3) G.93 , ( P4) Pima S7 , ( P5) Aust.12 and ( P6) G.86 .
Two line specific effects of first kind (d ij )
It refers to the specific combining ability effects of a line used as one parent involved in single cross for three way crosses. The specific combining ability effects of first kin (d ij ) when i and j are grandparents for all combinations, were obtained and the results are presented in Table 6 . Table 6 (1) G.85 , (2) Kar. , (3) G.93 , (4) Pima S7 , (5) Aust.12 and (6) G.86 .
The results indicated that no hybrids exhibited desirable and significant values for all traits. However, 2, 4, 5, 2, 3, 2, 5, 1, 2 and 5 of 15 combinations showed desirable and significant specific combining ability effects ( Hemaida et al (2006) , Samreen (2007) , Abd EL-Bary et al (2008) , Sajid and Malik (2008) and Yehia et al (2009) .
Two-line specific effects of second kind (S ik ):
It refers to the specific combining ability effect of a line when crossed as a parent to the single cross. The specific combining ability effects of second kind (S ik ) were obtained for all traits and the results are presented in Table 7 . Table 7 The results indicated that no combination exhibited desirable significant values for all traits. However, it would be concluded that the combination with line 4 (Pima S7) which was used as one of the grand parent gave high performance when compared with any other combinations for boll weight (B.W.). Meanwhile, the combination with line 6 (G. 86) used as one of the grand parent and line 5 (Aust.12) as parent gave positive (desirable) and highly significant estimates for seed cotton yield per plant (S.C.Y./P.) and number of bolls per plant (No.B./P.). On the other hand, G.85 as parent for S31 appeared to be the best specific combination for lint cotton yield per plant (L.C.Y./P.), but the combination with line 2 (Kar.) used as one of grand parent and lines (Aust.12) as parent gave positive (desirable) and significant estimates for lint percentage (L.%). For seed index (S.I.) the combination between line 1 (G.85) as one of grand parent and line 5 (Aust.12) as a parent showed positive and highly significant two-line specific combining ability effect with the specific value of 0.527.
The results also cleared that the combination with line 5 (Aust.12) used as one of the grand parent (in single hybrid) and line 2 (Kar.) as a parent in the cross S 52 gave negative and highly significant (desirable) two-line specific combining ability effects as compared to any other combinations for fiber fineness (F.F.), Whereas, the combination between line 6 (G.86) and line 3 (G.93) as a parent in the hybrid S 63 gave positively desirable and Significant estimate for fiber strength (F.S.). Moreover, the combination of line 4 (Pima S7) and line 1 (G.85) for hybrid S 41 appeared to be the best specific combination for Upper half mean (UHM). The combination between line 1 (G.85) and line 2 (Kar.) for S 12 showed positively desirable and highly significant specific combining ability effect of second kind (Sik) for Uniformity ratio (U.R%).
Threeline specific effect (t ijk ):
It refers to specific combining ability effect of a line in threeway cross. The specific combining ability effects (t ijk ) for all possible combinations, with respect to all traits were obtained and the results are presented in Table  8 . The results illustrated that no single threeway cross exhibited desirable significant values for all. However, crosses 6, 19, 19, 11, 10, 11, 7 Meanwhile, (G.85 x Kar.) x G.86, (G.85 x G.93) x Kar., (Pima S7 x G.86) x G.85 and (Aust.12 x G.86) x G.85 would to be the best for fiber fineness and the combination (Kar. X G.93) x G.86 appeared to be the best promising for fiber strength. Most of these combinations had included at least one of the best general combiners for yield. This indicates that the predication of superior crosses based on the general combining ability effects of the parents would be generally valid and the contribution of non-allelic interaction in inheritance of these traits would be important. These finding may explain the superiority of the threeway crosses over their single crosses.
Table 8: Three-line specific effect (t ijk ) for yield components traits and fiber properties
superior lines from the advanced segregating generations of the high yielding threeway crosses. The estimates of heritability values in broad sense (h 2 b.s. ) were larger than their corresponding values in the narrow sense (h 2 n.s. ) for all traits. The results cleared that the calculated values of heritability in broad sense ranged from 77.01 % to 97.38% for Upper half mean (UHM) and lint cotton yield per plant (L.C.Y./P.), respectively. While, narrow sense (h 2 n.s. ) ranged from 3.63% to 37.79% for seed index (S.I.) and fiber strength, (F.S.), respectively. These results were in common agreement with the results obtained by many authers among them Abd EL-Maksoud et al (2003-a-b) , Abd El-Hadi et al (2005 a-b), Hemaida et al (2006) , Samreen (2007) , Abd EL-Bary et al (2008) , Sajid and Malik (2008) and Yehia et al (2009) .
